The effects of an acutely induced and modest increase in blood hydrogen-ion concentration on pulmonary hemodynamics were studied in 15 patients with obstructive lung disease. Pulmonary arterial pressure rose when the blood hydrogen-ion concentration increased; this change was greater when the arterial oxyhemoglobin saturation was lower than 91%. The pressor response was independent of change in cardiac output, pulmonary blood volume, and left veno-atrial pressure and is ascribed to pulmonary arterial vasoconstriction. Increased concentration of hydrogen ion is a factor in the production of pulmonary hypertension in patients with chronic obstructive pulmonary disease. Since infusion of acid produced a marked increase in ventilation, the effects of voluntary hyperventilation on pulmonary hemodynamics were studied in three patients with similar pulmonary diseases. In these subjects pulmonary arterial pressure fell as ventilation was increased by a degree comparable to that which occurred during the infusion of acid. Additional Indexing Words: Cardiac output Obstructive lung disease Hyperventilation Pulmonary hypertension Pulmonary blood volume IN 1946 Von Euler and Liljestrand demonstrated that hypoxia produced a pressure rise in the pulmonary artery of cats.' Innumerable investigators working under a
hypertension in patients with obstructive lung disease. More recently Liljestrand2 has shown that an increase in the hydrogen-ion concentration of the circulating blood is also associated witli vasoconstriction in the pulmonary vascular tree and has postulated that an increased hydrogen-ion concentration is responsible for the pressor effect of hypoxia as a consequence of a local release of lactic acid. Stimulated by his findings, other investigators have explored and corroborated the vasomotor effects of variations in the hydrogen-ion concentration of blood on the lesser circulation.3-Although the intimate mechanism whereby the local release of lactic acid effects a pressor response is not known, it now appears that changes in blood hydrogen- The present study was undertaken to explore further the role of blood hydrogen-ion concentration in the genesis of pulmonary hypertension in patients with chronic obstructive lung disease. To this end, the effects of an acutely induced and modest increase in blood hydrogen-ion concentration on pulmonary hemodynamics in such patients will be described.
Methods
The 18 patients selected for this studv hald chronic bronchitis and emphysema; of these, n: Each patient was studied in the nonsedated, postabsorptive basal state, having been made familiar wvith the equipment the day before the test. A single-lumen catheter was placed in the pulmonary artery for measurement of blood pressures and of blood flow whenever the Fick principle was used. A double-lumen catheter was placed in the pulmonary artery to facilitate measurement of the wedge pressure in some patients. A second catheter with a double lumen was placed with its tip in the right atrium adjacent to the tricuspid valve. The distal lumeni was utilized to iinject either radioiodinated l311 human ser-um albumin (RISA) or 85krypton for some of the determinations of blood flow. The proximal lumene was used for the infusion of acid.
The experimental protocol and techniques employed were similar to those of a previous study from this laboratory dealing with the effect of alkali on the pulmonary circulation.' A control period of approximately 15 minutes during which isotonic saline was infused was followed by a period of approximately the same length during which 0.3 M HC1* was administered at a constant rate of 0.16 to 0.24 ml/kg/min. The total dose given to each of 15 patients appears in table 1. During each period pulmonary anid brachial arterial blood pressures were measured three times.
Ventilation, arterial blood gases, pH, and blood *Pyrogen-free, sterile HC1 was supplied through the courtesy of Baxter Laboratories, Morton Crove, Illinois. flow were measured toward the enid of each period. For brevity, only representative values of each parameter are given in tables 1 Since, as will be seen subsequently, the acid infusioni produced a marked increase in ventilation, the effects of voluntary hyperventilation were studied in three (nos. 1464, 1456, 1454 ) patients with obstructive lung disease. The control period was similar to that previously described except that it lasted 5 minutes. Cardiac output was measured by the direct Fick method in one patient (nio. 1464) and by the constant infusion of 85Kr in the other two. Once the iniitial measuremenits were obtained, the patients were instructed to hyperventilate at a previously determined constant rate for 7 to 10 minutes and all measurements were repeated ( fall in arterial blood pH was 0.07 unit, with a range of -0.04 to -0.12 (P <0.001). Voluntary hyperventilation caused the pH to rise 0.06 and 0.04 units in two subjects, but produced no change in the third (table 4) .
The acid infusion produced an increase in ventilation in all 13 of the patients in whom it was measured: the average rise was 1.69 grOntp) of 15 as ai w holt the most mtiarked eff(,ct wx as on the sx stolic Presstirc (a crage mi5 Im g witlh a r-anige of to -11 P 0.001 ). The diastolic anId mean p)ressilrs rose 2 mid 3 11111m Jlg, -espectiveix ( P < 0.005. miad 0.001). The range of chainge of the tformIei wvcas -1 to I--10 mm iHg anid of the latter 0 to --. The rise ini mean presstire 'was sigificaintiv greater P < 0.00.5) xwhen the arteri-il oxylc-lrIoglolini satturation at the eind of thle inifusioni of -ici(1 remained lbelow 91C.
III t]lti S*iX t)>itic'lltS if-] \N'i(l7 t]t 1t:il]1I1
lt e p ttlmo)iIar v xxedge pressure was meaisured before and during the infus:on, it \ casl normal and remainied tinaltered I)v the admii:inistraition of HiC1. de-Spite a Isiei il1 1)p11imoil aIv arterial pressures il) foiur of the six.
Tbhc-e as a slighlit rise in l)rachi.al arterial 1)1oo01 pressurc'4 vvith the in-fusioni of HC1: the ssystolic pressure-c rose: oni the aiverage 7 H Hg (P < 0.003)! the diastolic, 4 mimn Hg (P <.0.02 ) anid the mean. 6 inn-i Hg ( P < 0.02).
.\'X X juite 96/ Pulmonary arterial and brachial arterial pressures decreased during hyperventilation.
The cardiac output, which ranged from low to slightly elevated in the control period. showed little or no change during the infuision of HC1 (P <0.40). Stroke volume did not vary significantly (P <0.30). For technical reasons flow was not measured in one subject (no. 1498). Heart rate remained stable with one exception (no. 1512). There vas no alteration in flow in the two subjects in whom cardiac output was measured during hyperventilation (table 4) .
The pulmonary blood volume was deterinined in five subjects and averaged 11% of the total blood volume (table 3) . There wvas no change in this volume (P> 0.95) nor in the ratio of pulmonary to total blood volume (P> 0.90) during the administration of acid. The pulmonary mean transit time also was unaffected by HCI (P < 0.20).
Discussion
This study demonstrates that ain acutely induced modest increase in the hydrogen-ion concentration in the blood is associated with a rise in pulmonary arterial pressure in patients with obstructive lung disease. This pressor response was independent of change in cardiac output and left veno-atrial pressure, a finding in accord with the studies in animals of Bergofsky and others, and of Rudolph and Yuan.7 The possibility exists that the pulmonary pressor response was merely a reflection of a redistribution of the circulating blood volume from the systemic veins to the pulmonary bed. Such a translocation of blood from the peripheral to the central circulation has been described in cholera when acidosis was severe.14 The constancy of the pulmonary blood volume and the ratio of pulmonary to total blood volume in the current study, as well as the lack of change in cardiac output and pulmonary wedge pressure, indicate that such a translocation of fluid is improbable. The observed changes in pulmonary arterial pressure are best ascribed to active vasoconstriction.
The possibility that hyperventilation in)duced bv the acid infusion altered pulmonary hemodynamics so as to produce a rise in pressure is not likely for the following reasons. The pulmonary arterial pressures fell ini the three subjects who voluntarily hyperventilated in the present study. Similarly, two patients vith alveolar hypoventilation who were free of bronchial and bronchiolar disease demonstrated a fall in pulmonary arterial pressure when hypoxia and hydrogen-ion concentration were reduced by hyperventilation.'1 "I Voluntary hyperventilation has also been shown to effect a pressure fall in patients with a variety of cardiac and pulmonary diseases when the blood pH rose.'7 Finally, the actual level of ventilation was inversely related to the level of pulmonary arterial mean pressure (r -0.427, P < 0.05).
As anticipated from previous studies, 7 8' '< the level of pulmonary arterial pressure encountered depended not only on the concentration of hydrogen ion, but also on the severity of hypoxia as revealed by arterial oxyhemoglobin saturation. Indeed, utilizing a previously described4 estimating equation,* it was possible to predict the level of mean pulmonary arterial pressure during the control and infusion periods (r = 0.701, P <0.001). While the vasoactive role of the hydrogen ion is demonstrable in chronic obstructive lung disease, its effect in other diseases may not be readily identified because of differences in the degree of hypoxia, vascular characteristics of the pulmonary bed, and the pulmonary blood volume.it) Additional studies will be necessary to identify its contribution under these various circumstances.
It wvas conicluded from this study that an increased concentration of hydrogen ion is a factor in the production of pulmonary hypertension in patients wvith chronic obstructive lung disease. 
